Surface/ground water pollution caused by the inflow of acid water enriched with heavy metals has become a serious environmental problem in the areas around mines [1, 2] . This results from the sulfate discharge generated by the decomposition of pyrite contained in the altered rock in mining areas [3] . The same problem has arisen at engineering work excavation sites in recent years [4] . Therefore, if a tunnel is to be constructed in the vicinity of a mine area, the evaluation and prediction of the possibility of acid water drainage from rock muck and rock masses will be important environmental geology aspects.
The 26,455m-long Hakkoda tunnel is currently under construction between Hachinohe and Shin-Aomori Stations on the Tohoku Shinkansen network in the northern part of Honshu, Japan. Because there are a number of mines around this tunnel, it is feared that the peripheral environment would be polluted by acid water and heavy metals percolating from the rock muck released by the tunnel's excavation. Therefore, we investigated the geochemical features of rock distributed around the Hakkoda tunnel to establish a method to evaluate the acid water drainage. This paper clarifies the geochemical characteristics of rock that discharges acid water. We also propose a method to evaluate acid water drainage from rock that was used in the construction of the Hakkoda tunnel.
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In water-rock interactions, acid water drainage is caused by the generation of sulfate and hydrogen ions due to the oxidation of pyrite in the rock (Equation 1). The pyrite reacts with the oxygen contained in groundand/or rainwater. 
On the other hand, the rock generally contains calcite and feldspar that can neutralize acid water. When these minerals contact acid water they restrain pH loss in the water because they consume the sulfate ions and change to clay minerals. Therefore, the potential for acid water drainage from rock can be determined by comparing the ratio of the amount of sulfate ion generated from rock to that consumed by buffer mineral reactions. 1) The samples were crushed to grains smaller than 10 mm in size after drying. 2) 100 g portions of crushed samples were mixed with 500 ml of distilled water and the mixture samples shaken for three minutes to produce a leachate.
3) The pH and electric conductivity of the leachate were measured after 10 minutes, 1 hour, 24 hours, 7 days, 28 days and 56 days. 4) After 56 days, the concentrations of metal elements (Cu, Pb, Zn, Fe, As, Cd, Cr, Mn, Se) and cations (Na + , K + , Ca 2+ , Mg 2+ ) in the leachate were determined by ICP (Inductively coupled plasma) emission spectrometry (Shimazu ICPS-7500). The SO 4 2-and Cl -content in the leachate were determined by ion chromatography, and the HCO 3 -content measured by the sulfate titration method.
The relationship between leachate pH levels after 56 days and the contents of representative elements in mudstone samples is illustrated in Fig. 1 . The mudstone samples, which become acid in leachate, are siliceous sediments containing SiO 2 more than 70 wt % that are rich in sulfur (> 0.5 wt %) and poor in CaO (<1.0 wt %). Table 1 shows the mineral assemblages of the representative samples examined by XRD. The mudstone contained quartz, pyrite and feldspar as major minerals, and included calcite, mica group, kaolinite, chlorite, smectites and gypsum as trace minerals. There was only a very small amount of buffer minerals such as calcite and feldspar in the samples that gave low in pH values in leachate.
As the leachate changed from alkaline to acid, SO 4 2-, Ca 2+ and Mg 2+ content increased, and that of Na + and HCO 3 -decreased (Fig. 2 ). The concentration of Ca 2+ in leachate correlated closely not only with the pH value but also with SO 4 2-content. As the examination results explain above and in keeping with the water-rock interaction theory mentioned in the Chapter 2, the minerals that dissolved during the mudstone drainage process were pyrite, calcite, feldspar and the mica group. The leachate became acid due to pyrite decomposition. Calcite, feldspar and the mica group acted as buffer minerals. Ohta et al. The SO 4 2-content in the leachate increased as the mudstone sulfur content increased (Fig. 3 ). This suggests that SO 4 2-is released due to the dissolution of pyrite in the mudstone and that the concentration of this ion depends on mudstone sulfur content. Therefore, it is thought that the mudstone discharges sulfate into the leachate due to the dissolution of pyrite in the early drainage stages and that the amount of sulfate is in proportion to mudstone pyrite content.
If the leachate becomes acidic, Ca 2+ and Mg 2+ , etc. are discharged into the leachate because calcite, feldspar and the mica group are decomposed by the reaction with sulfate. This process is inferred from the good correlation between the contents made up of these ions and the pH, SO 4 2-content in the leachate (cf. Fig. 2 ). The concentration of Ca 2+ in the leachate does not correlate with the CaO content of mudstone. The relationship between Mg 2+ and MgO is similar to the relation between Ca 2+ and CaO. Therefore, it is presumed that the volume of dissolved buffer minerals matches the amount of sulfate in the leachate. When the buffer minerals can react with the leachate because these minerals are present in the mudstone, pH loss will be restrained in spite of the sulfate discharge. Figure 4 shows the relationship between leachate pH after 56 days and the contents of representative elements in tuffaceous rock samples. The samples that become acid in leachate are rich in sulfur (> 0.7 wt %) and poor in CaO.
The relationships between the mineral assemblages and leachate pH after 56 days in tuffaceous rock samples are as follows (cf. Table 1 ). 1) The samples that became acidic in leachate contained pyrophyllite and kaolinite.
2) The leachate of the tuffaceous samples that included calcite, feldspar and smectite remained neutral or alkaline for 56 days.
3) The samples that showed a high leachate pH value contained a zeolite group and magnetite.
Mg 2+ and Ca 2+ content increased and Na + content decreased, as the leachate pH was lost in the same way as the mudstone samples. However, SO 4 2- (Fig. 5) and HCO 3 -content showed no correlation with pH. There was a good correlation between the SO 4 2-content and the Ca 2+ content in leachate (Fig. 6 ). There was a close correlation between SO 4 2-content in the leachate and sulfur content in tuffaceous rock samples. However, there was no corre-T T T T Table 1 
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Most of the igneous samples that became acid in leachate were rich in sulfur (>2.0 wt %, Fig. 7) , and poor in CaO (<1.0 wt %) and Na 2 O (<0.7 wt %). The samples that showed a low pH value in leachate included pyrite and kaolinite and were poor in feldspar, calcite and smectite (Table 1 ). Figure 7 shows that the leachate of some samples, which contained less than 2.0 wt % of sulfur, became acid. These samples consisted of Si, Al, Fe and S only because of acid alteration and contained pyrite, pyrophyllite and kaolinite.
There was a good correlation between leachate SO 4 2- and Ca 2+ content (Fig. 8) , although there was no correlation between the ion content and pH levels (ex. Fig.9 ). The SO 4 2-content increased with sulfur content in rock samples (Fig. 10) . From the relationship between the mineral assemblage and pH in leachate, it is inferred that the quality of leachate is determined by the dissolution of several minerals: 1) Pyrite, pyrophyllite and kaolinite will take part in acid leachate generation. 2) Calcite, feldspar, smectite and the zeolite group will neutralize acid leachate.
Leachate cannot become acidic from the decomposition of pyrophyllite and/or kaolinite, because these clay minerals do not contain sulfur and remain stable at atmospheric pressure and at normal temperatures. As the sulfur content of the rock samples increased, the leachate SO 4 2-content increased. This suggests that SO 4 2-is generated by pyrite dissolution with the content of this ion depending on rock sulfur content. Thus it is thought that tuffaceous and igneous rocks discharge sulfate into the leachate due to pyrite dissolution and that the amount of sulfate is in proportion to pyrite content in rocks like mudstone.
Because there is high correlation between SO 4 2-and Ca 2+ content in both tuffaceous and igneous rock leachate, it is inferred that Ca 2+ is released by the decomposition of calcite and/or feldspar with leachate acidification. However, the ion contents have no relation with leachate pH. This suggests that leachate quality is not determined by the relation between the amount of sulfate released by the pyrite decomposition and the amount of sulfate consumed by the dissolution of Ca-containing minerals in tuffaceous and igneous rock. Therefore, it is expected that smectite and the zeolite group have a bearing on leachate quality. Unfortunately, however, we cannot clarify the reaction mechanisms of these minerals with water under atmospheric conditions in this paper.
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In this chapter, we discuss a method for evaluating acid water drainage from rock muck based on the previously mentioned mechanism of acid water drainage from rock. This method was adopted for the construction of the Fig. 11 pH value after 56 days against pH after one hour 1 pH value after 56 days against pH after one hour 1 pH value after 56 days against pH after one hour 1 pH value after 56 days against pH after one hour 1 pH value after 56 days against pH after one hour
Hakkoda tunnel. As mentioned above, we can estimate the acidification mechanism of the leachate from the tuffaceous and igneous rock caused by pyrite dissolution, but the neutralization mechanism of the leachate is not clear. Therefore, we adopted a method that evaluates only the ability of the leachate to acidify by pyrite decomposition.
Ore veins distributed around the Hakkoda tunnel can be distinguished by eye observation because of the high content of pyrite. When these veins exist in the working face of a tunnel, there is judged to be a possibility that the acid water is made from the rock muck from the face. If sulfur is contained in the tuffaceous and igneous rock samples at levels higher than 2.0 wt %, many leachate samples of these rocks become acidic (Figs. 4 and 7) . Therefore, we regard rock muck that includes rock containing more than 2.0 wt % of sulfur as being able to acidify the leachate.
A batch-leaching test can assess directly the acidification of leachate from rock. There is no doubt that the final leachate will become acidic if the leachate indicates a pH value lower than 6.0 after one hour (Fig. 11 ). Therefore the batch-leaching test was adopted as the evaluation method, with a pH of 6.0 as the critical value for leachate acidification. Igarashi et al. [7] explained that the mole ratio of carbonate carbon to sulfur in mudstone represents the possibility of acid water drainage from mudstone. In this study, we proved that not only calcite but also feldspar and the mica group are buffer minerals. Because these buffer minerals are the main calcium-containing minerals in mudstone distributed around the Hakkoda tunnel, the Ca content of mudstone is an index that indicates buffer mineral concentrations. Therefore, it is thought that the mole ratio of sulfur content to calcium content represents the ratio of the amount of pyrite to that of the Figure 12 shows the relationship between the mudstone S/Ca mole ratio and leachate pH after 56 days. As the S/Ca mole ratio of mudstone increases, the pH value of the leachate declines. The pH value becomes lower than 6.0 if the S/Ca mole ratio is higher than 1.0. Hence, it seems that the S/Ca mole ratio can be used to evaluate the possibility of acid water drainage from mudstone. Figure 13 shows the acid water drainage evaluation flow chart for rock that was adopted in the construction We examined the drainage features and geochemical characteristics of the rock distributed in the Hakkoda tunnel. From the results of our examinations, it is thought that sulfuric acid is released by the resolution of sulfide minerals and that the calcium-containing minerals will neutralize the sulfuric acidic water. Therefore, it is possible to evaluate the drainage ability of acid water from rocks distributed in mine areas by using the following indices: (1) leachate pH value one hour after batch-leaching test, (2) the sulfur content of the rock and (3) in the case of mudstone, the S/Ca mole ratio. 
